Loma Linda University

TheScholarsRepository@LLU: Digital Archive of Research,
Scholarship & Creative Works
Loma Linda University Electronic Theses, Dissertations & Projects
5-1958

The Relationship between the Systemic Action of Various
Carbohydrates and the Development of Subsequent Dental Caries
Pat O. O'Day

Follow this and additional works at: https://scholarsrepository.llu.edu/etd
Part of the Biochemistry Commons

Recommended Citation
O'Day, Pat O., "The Relationship between the Systemic Action of Various Carbohydrates and the
Development of Subsequent Dental Caries" (1958). Loma Linda University Electronic Theses,
Dissertations & Projects. 1591.
https://scholarsrepository.llu.edu/etd/1591

This Thesis is brought to you for free and open access by TheScholarsRepository@LLU: Digital Archive of
Research, Scholarship & Creative Works. It has been accepted for inclusion in Loma Linda University Electronic
Theses, Dissertations & Projects by an authorized administrator of TheScholarsRepository@LLU: Digital Archive of
Research, Scholarship & Creative Works. For more information, please contact scholarsrepository@llu.edu.

YtRNiER RADCLIFFE MEMORIAL LIBRARY
COLLEGE OF MEDICAL EVANGELISTS
LOMA LINDA. CALIFORNIA

COLLEGE OF MEDICAL EVANGELISTS
School of Graduate Studies

THE RELATIONSHIP BETWEEN THE SYSTEMIC ACTION OF
VARIOUS CARBOHYDRATES AND THE DEVELOPMENT
OF SUBSEQUENT DENTAL CARIES
by
Pat O. O'Day

A Thesis in Partial Fulfillment
of the Requirements for the Degree
Master of Science in the Field of Biochemistry

May, 1958

I certify that I have read this thesis and that in my
opinion it is fully adequate, in scope and quality, as
a thesis for the degree of Master of Science.

AMelvin I. Haley,
Department of

, Chairman
ssor,

U. D. Register, AbsJ^£ant Professor,
Department of Biochemistry

Bryan^Michaelis, Instructor,
Department of Physiology

RR XbfcL.

R. R. Steinman, Assistant Professor,
School of Dentistry

- 6 ' , 'Presiding Chairman
Robert W. Woods, Assistant Professor,
Department of Preventive Medicine and
Public Health

••
11

ACKNOWLEDGMENT
It is with pleasure that I take this opportunity to express
my appreciation to:
Dr. M. I. Haley and Dr. E. E. Steinman for their helpful
suggestions and advice during the course of this work, and for
their constructive criticisms of this manuscript.
Mr. Eobert Kinzer for his technical assistance.
Mrs. Elouise Smith for her patience in typing the manu
script.

*•*
111

TABLE OF CONTENTS
Page
Title Page

i

Signature Page

"

Acknowledgments

iii

Table of Contents

iv

List of Figures

v

List of Tables
Part I Preweanling Administration of Various Synthetic Carbo
hydrate Formulas and Subsequent Dental Caries in the
Bat

Introduction

1

Experimental

5

Be suits and Discussion

12

Summary

21

Part II

The Belationship Between the Systemic Effect of
Dietary Carbohydrates and the Deposition of Carbo
hydrates in Bat Teeth

Introduction

23

Experimental

24

Besults and Discussion

41

Summary

44

Part III Intraperitoneal Injections of Carbohydrates with the
Addition of Vitamins C and B, to Suckling Bats and
Their Belationship to Caries Incidence
Introduction

46

Experimental

50

Besults and Discussion

52

Summary

55

Bibliography

56
I

Abstract Title Page

ii

Abstract
iv

LIST OF FIGURES
Figure
1

Page
Mean Caries Score of the Four Groups in the

20

First Study
2

Mean Caries Score of the Four Groups in the

20

Second Study
3

The Absorption Curves of the Anthrone Method Run

27

on Two Concentrations of Dilute Stock Sugar
Solutions
4

Optical Density as a Function of Carbohydrate Con-

29

centration Showing the Adherence of the Anthrone
Method to the Lambert-Beer Law
5

A Comparison of the Absorption Spectra of the

39

Colored Complexes Resulting from the Anthrone
Determination on:

Tooth Material, Glucose, and

Tryptophan
6

Mean Caries Scores of the Three Groups Receiving
the Following Injections: Group 1, 20% Carbohydrate
Only; Group 2, 20% Carbohydrate plus Vitamin C;
Group 3, 20% Carbohydrate plus Vitamin

54

LIST OF TABLES
Table
I
II

Pa S e

Vitamin Supplement per 100 ml. of Diet

8

Composition of Basal Rat Diet Expressed as Grams

8

per 100 ml.
III

Composition of High Sugar Cariogenic Diet

10

IV

Carbohydrate in Formula Given From 14-21 Days

12

of Age to Different Groups in the First Study
V

Individual Caries Scores of the Animals in the

13

Different Groups in the First Study
VI

Mean Caries Score of the Four Groups in the First

14

Study Together With the t Values Between the
Different Groups
VII

Average Weight of the Animals on the Four Diets

16

at 21 Days of Age
VIII

Carbohydrate in Formulas Given to Animals in the

16

Second Study
IX

Caries Scores of Animals in the Four Groups of

17

the Second Study
X

Mean Caries Scores for Each of the Four Groups in

18

the Second Study and the t Values Between the
Different Groups
XI

Average Weaning Weight of Animals in the Four

19

Groups
XII

Optical Densities of the Anthrone Test Run on the

31

Glycoprotein Extracted at Different Time Intervals
XIII

Mean Carbohydrate Values Along With Statistical

43

Data on the Different Age Levels of Rats on Sugar
and Purina Diets
XIV

The Effect on Dental Caries of Glucose-Fructose
With Added Vitamins C and B/
VI

52

PART I
PREWEANLING ADMINISTRATION OF VARIOUS SYNTHETIC
CARBOHYDRATE FORMULAS AND SUBSEQUENT
DENTAL CARIES IN THE RAT

i\IJ1f\ rsrtu^urrt MtMUKIAL. LIBRARY
COLLEGE OF MEDICAL EVANGELISTS
LOMA LINDA. CALIFORNIA

INTRODUCTION
A relationship between refined dietary carbohydrates, especially
sugar, and dental caries has been recognized for over fifty years (1).
There i s still no agreement as to whether this caries-producing effect
is caused primarily by an unfavorable effect on the oral environment,
or on the character of the teeth themselves.
Numerous investigations during the last century have clearly
demonstrated a direct relationship between diet and dental caries.
Processed and refined foods, especially sugar, have been implicated
as being cariogenic.

There are many reports of dental studies on

primitive people and people living totally or mainly on nonindu s t r i a l ized foods which show caries frequency to be considerably lower than
those of industrialized people who eat a high percentage of highly r e 
fined foods (2-5).

It is a common picture from all over the world that

people living on what i s usually called a "natural diet"; that is, a diet
consisting of unrefined foods, have very little tooth decay.

This i s

also associated with the historic distribution of dental caries accord
ing to Euler (6), Christopher sen and Pedersen (7), Brinch and MollerChristensen (8).
Sognnaes (9) has analyzed available data on the fluctuation in
caries incidence in eleven European countries during and after both
World Wars.

It was concluded from this analysis that the teeth of

European children in all countries surveyed showed a definite tendency
toward a decrease in caries in the latter part of, and following the two
wars.

A common change in the dietary of these countries had been a

reduction in the consumption of refined carbohydrates, especially
sugar and sweets.

A time lag of several years was noted between the

rationing of refined carbohydrates and the reduction in dental caries.
-1-

This time lag can best be explained by an indirect favorable influence
on the development and maturation of the teeth, not by a change in the
oral environment alone.
Sognnaes (10) compared the caries incidence of rats, hamsters
and mice raised on a synthetic ration containing 67 per cent sucrose,
being complete in all other known nutritional essentials, with the caries
experience of animals reared on Purina laboratory ration. The high
sugar ration was found to be highly caries conducive.

The greatest

number of carious lesions was found when the animals were conceived
as well as reared on the sucrose diet.
of a few months.

Caries developed in the period

Fewer lesions were encountered if during the period

of prenatal life the dams were given the Purina laboratory ration.

If

the animals were reared on the Purina diet until their teeth were fully
formed, no caries developed when they were put on sucrose ration
for 6-8 months.
These animal findings suggest that a purified diet containing a high
proportion of refined carbohydrate i s highly conducive to caries if its
ingestion is begun before and continued during tooth development.
Shaw (11) reported that the teeth of Rhesus monkeys formed during
the period of a high sucrose diet were susceptible to decay, while those
formed before the animals were placed on a high sucrose diet were
immune to decay.
Steinman and Haley (12, 13) developed a technique by which vari
ous carbohydrates were given directly to young rats during the suck
ling period (1-21 days) and with this technique were able to study the
systemic effect of diet on caries.
The carbohydrates were administered with a graduated eye drop
per in doses of approximately 1:1000 body weight from the beginning
of calcification of the molars to their eruption into the oral cavity.
Of the various carbohydrates tested sucrose and a 1:1 glucosefructose mixture had the most profound effect in producing decay
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while lactose showed the least effect, the comparison being made with
littermates on Purina ration (13).
A second study was conducted which was designed to show which
time during the suckling period the teeth were most susceptible to the
oral administration of a carbohydrate solution (12).

A 20 per cent

sucrose solution given orally three times a day for 7 days during any
third of the suckling period resulted in more than a 100 per cent
increase in tooth decay over littermates not so treated.

There appeared

to be no significant difference as to which third of the suckling period
the sucrose was given.
The classical experiment of Boyd and co-workers (14) with dia
betic children showed the effect of carefully controlled and nutrition
ally complete diets fed over long periods of time.

The incidence of

decay was found to be extremely low as long as there was careful
adherence to the recommended diet.

A high rate of caries progression

was noted among the few who failed to observe the dietary regimen
either in whole or in part.

Since those who adhered rigidly to their

diets showed little or no extension of caries for periods of years, it
was concluded that the incidence of caries during childhood might be
lessened by a superior diet.
The numerous theories which have been held at different times in
regard to dental decay show that theyproblem is not a simple one (15).
These theories recognize the existence of many salient and often inter
related causitive factors.

The susceptibility of a tooth to dental caries

is dependent upon its physical form, its histological structure and its
chemical composition.

These characteristics are determined during

development as the result of genetic and nutritional influence and
result in variations in caries susceptibility ranging from high caries
resistance to high caries susceptibility (16).
Irrespective of the developmental history of a tooth, micro
organisms and their products of metabolism are necessary for the

-4-

initiation and development of carious lesions.

Although L« acidophi-

lus is the most typical of the caries bacteria, more than one type of
microorganism seems implicated as being cariogenic (17).

Carbo

hydrates from food debris in the oral cavity are readily metabolized
by these organisms.
The carbohydrate is degraded by the bacterial enzymes according
to the Emden Meyerhof scheme which results in the formation of sev
eral organic acids, including phosphoglyceric acid, pyruvic acid, and
lactic acid (18, 19).

The commonly accepted theory of decay is that

these acids dissolve the inorganic salts of the enamel and thus initiate
enamel destruction.

The theory of enamel proteolysis maintains that

the first step in enamel destruction is not dissolution of the inorganic
salts by acids, but a splitting of the small amount of organic material
found in enamel (20).
After birth the newborn mammals obtain their nourishment from
milk.

Milk is almost a complete food from a nutritional standpoint

and contains the proteins, lipids, carbohydrates, minerals, vitamins
and other factors necessary for growth of the young (21).

The general

composition of milk has been found to be much the same for the Mam
malia, but the concentration of certain constituents varies consider
ably among different species (21).
Luckey and co-workers (22) investigated the physical and chemi
cal composition of rats1 milk in order to get information relative to
the formation of milk formulae for the artificial feeding of cesareanborn rats to be reared in a germ-free atmosphere.
The composition of rats1 milk varies with time after the initiation
of lactation.

The carbohydrate of rats1 colostrum and milk was re

ported to be one of the most stable components when measured on the
wet weight basis.

The ratio of carbohydrate to protein remains con

stant while the ratio of carbohydrate to fat increases daily (22).
Carbohydrates, mostly in the form of lactose, are a normal con
stituent of milk.

Lactose is a disaccharide of galactose and glucose

-5-

known to occur only in milk (21).

Formulae for infants are often made

which use carbohydrates other than lactose.

Different formulae may

vary also in the amount of carbohydrates used.
It is evident that two general time intervals occur in the life his
tory of a tooth during which nutrition influences the susceptibility to
dental caries.

The major influences on a tooth's post-eruptive caries

susceptibility occur during the first, and shorter, period of its devel
opment when its histological structure and chemical composition are
being determined (16).

This is borne out by the available experimental

evidence which shows that caries susceptibility can be altered most
during the pre-eruptive period.
The stages of the development of the molars of the Albino rat have
been reported in detail by Hoffman and Schour (23).

The period extend

ing from the beginning of the calcification of the first and second
molars to their eruption into the mouth corresponds approximately to
the suckling period.

The calcification of the third molar takes place

during the last quarter of the suckling period and extends approxi
mately 14 days beyond weaning.
The present study was conducted to determine the systemic effect
that various ingested carbohydrates would have on the teeth of Albino
rats during the calcification period, and relate the data obtained to
subsequent dental caries.

Preweanling rats of 14 days of age were

taken from their dams and reared on a synthetic rat milk, until weaned
at 21 days of age.

Since both the amount and type of carbohydrate in

the formula can be varied, it is possible to compare the subsequent
caries susceptibility produced by different carbohydrates and by dif
ferent concentrations of these carbohydrates.
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EXPEKIMENTAL
In the previously mentioned studies in which susceptibility to den
tal caries was shown to be enhanced by carbohydrates given during
calcification of molars, it was impossible to determine just what per
centage of the total diet the administered carbohydrate comprised.

The

present study was conducted in order to accurately control the percent
age of carbohydrates administered to quantitatively compare the cariogenic effect of various common carbohydrates and to ascertain the
level of carbohydrate necessary to produce caries susceptibility.

The

various carbohydrates compared in the study were: lactose, sucrose,
fructose, dextro-maltose, and Karo.

Since the last three carbohydrates

are used in the preparation of infant formulas, certain conclusions may
be drawn concerning their effect on the subsequent caries experience
of the children.
At 14 days of age, young rats from several litters were taken away from their dams and divided into 4 groups.

All groups were

raised on an artificial rat milk formula until they were 21 days of age.
Ordinarily, 9 rats composed 1 group.

The rats were housed during

this period in a specially constructed cage which had 4 compartments.
It consisted of a four-sided 34 x 15 inch wooden frame with 3 wooden
dividers.

Four individual screen doors, hinged on the back of the

cage, gave ready access to the 4 different compartments.

The cage

was set on a piece of sheet metal which served as a subfloor.

Below

this sheet metal floor was a large water bath which was used to keep
the cage at a constant temperature of 85° F.

The sheet metal floor

served as a good heat conductor and was readily cleaned since the
cage could be lifted from it.

In order to keep the compartments fresh,

dry absorbent paper was placed over the sheet metal subfloor each
morning during the run.
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Both the amount and the kind of carbohydrate was altered in the
artificial rat milk formulas fed to the different groups on experiment.
The basic formula used to feed the young was that used by Reyniers(24)
in studies on germ free rats as reported in the Lobund Reports.
The basal diet was prepared as follows: The protein portion of
the diet was a slowly precipitated casein from skim milk which the
Lobund Reports designate as R-casein.

The casein was prepared by

warming skim milk in a large beaker and then adding 0. 1 N HC1 until
the casein precipitated.

The casein was separated from the whey by

pouring the contents of the beaker through cheese cloth and saving the
casein.

The casein was prepared fresh for each diet preparation.

The following ingredients were used to prepare the basal diet in
amounts stated for 100 ml. of diet.

•

1.

Freshly prepared moist casein

17- 75 g.

2.

Lactalbumin (Harris)

0. 60 g.

3.

HMW salt mix

0. 80 g.

4.

Raw 18% cream

5.

NaOH 0. 9%

6. 0 ml.

6.

Distilled water

9- 0 ml.

7.

Vitamin supplement''

75. 0 ml.

16. 3 mg.

Refer to Table 1.

The R-casein is weighed out separately from the lactalbumin and
the HMW salt mixture.

After weighing, the R-casein, lactalbumin and

salt mixture are mixed in a mortar to which was added the vitamin mix
ture, the composition of which is shown in Table 1.
were mixed until a smooth paste was formed.

The ingredients

The 0. 9% NaOH and dis

tilled water were measured out and added to the material in the mor
tar.

The paste was then thinned out by adding the cream slowly.

all the cream had been added, the pH was adjusted to 6. 1.

After

The formu

la was next run through a homogenizer to assure uniform consistency.
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TABLE I
VITAMIN SUPPLEMENT PER 100 ML. OF DIET
Thiamin

3. 6 mg.

Riboflavin

4. 8 mg.

Nicotinic Acid

•

4. 8 mg.

Pyridoxine

0. 3 mg.

Pantothenic Acid

2. 4 mg.

Folic Acid

0. 4 mg.
16. 3 mg.

The composition of the basal diet is shown in Table II.
TABLE II
COMPOSITION OF BASAL RAT DIET EXPRESSED AS
GRAMS PER 100 ML.
Gms. per 100 ml.
of formula

Constituent

Protein

9. 250

Lactalbumin

1. 370
15.080

Fat

3. 000

Salts *

00
o

•

Carbohydrate

Vitamin mix

V

0. 016

These amounts added in addition to the amounts present
in the R-casein and raw cream.

The basal diet contained 3 per cent carbohydrate which was essen
tially all lactose.

When different carbohydrates were added to the

basal diet they were weighed out and mixed with R-casein, salt mix
ture and lactalbumin before any liquid was added.
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The artificial rat milk was fed to the rats by means of miniature
bottles with rubber nipples.

The ends of the nipples were cut at an

angle to make a hole about 3 mm. in diameter.
proximately 25 ml. of formula.

Each bottle held ap

The bottles were fastened by means

of rubber bands to flat plastic dishes which were inclined about 25 de
grees from the horizontal.

The combination of the 3 mm. hole in the

nipple and the 25 degree elevation allowed the milk to be present in
the opening of the nipple, but did not allow it to run out.

The lower

part of the plastic dish was made concave to retain any of the milk
which might be spilled by the rats while feeding.

The animals received

their nourishment by licking rather than sucking the nipples and also
by drinking the spilled milk.

Each cage contained one plastic dish

with two bottles attached to it.

The milk was warmed sufficiently by

heat from the water bath.
Usually enough of the diet was prepared at the start of a run to
last through the run.

The diets were stored in glass-stoppered Erlen-

meyer flasks in a refrigerator.

Under these conditions the milk was

found to be stable for 9 days.
Before each run a feeding schedule was set up so that every two
hours from 8 A. M. until 10 P. M. the rats would be tended.

The bot

tles had to be washed out twice a day and refilled with formula since
the milk would clabber if left standing in the cages for long periods.
Records were kept of the amount discarded and of that added so that
daily food intake could be checked.

Also a record was kept of the to

tal weight of all the rats in each cage for growth comparisons on the
different diets.

During the first two or three days it was necessary to

hold the rats to the nipple every two hours until they learned to feed
ad libitum.
The first study using the artificial feeding technique was conducted
to determine if differences in caries susceptibility would be produced
by adding two different amounts of lactose and sucrose to the basic
milk formula.
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Since a maximum of 36 animals could be on experiment at one time
the study was repeated twice in order to have 16 animals on each for
mula.

In the first run 34 animals at 14 days of age were divided into

4 groups and in the second run 35 animals were used.

A total of 69

animals in the first study were divided into 4 groups at 14 days of age
and placed on one of the four following formulae.

Group I received

the basal artificial milk formula to which 1. 85% lactose had been added,
making a total carbohydrate concentration of 4. 85%.

Group II had

1. 85% sucrose added to the basal diet making a total carbohydrate con
centration of 4. 85%.

Group III had 5. 35% lactose added giving a total

carbohydrate content of 8. 35%.

Group IY had 5. 35% sucrose added

making a total of 8. 35% carbohydrate.
The animals were placed on these formulae at 14 days of age and
weaned on the twenty-first day.

At weaning each animal was placed

in an individual cage and all were fed the same cariogenic diet.

The

composition of this diet was reported by Sognnaes (10) and is shown
in Table IIL

Register (25) formulated the vitamin mix for the diet.

TABLE IH
COMPOSITION OF HIGH SUGAR CARIOGENIC DIET
Constituent

Parts

Casein

24

Sucrose

65

Salts

4

Corn oil

5

Dehydrated whole liver

4

Vitamin mix

2

Choline

0. 2

At the end of 14 weeks all animals were sacrificed by an overdose
of ether.

Each rat was then decapitated by means of a guillotine.

The

mandible and hard palate containing the upper teeth were dissected
from each animal.
and the mandible.

The excess tissue was trimmed from the maxilla
The jaw sections from each rat were stored in

individual test tubes which contained 3-4 ml. of 10% formalin as a
preservative.
The teeth of each animal were examined for carious lesions.

The

molars of each rat were examined by grinding successive planes par
allel to the occlusal surface and examined under a 20x dissecting
microscope.

The location and extent of caries damage was recorded

(individually) for each rat on specially prepared sheets having the out
line of the rat l s dental structure mimeographed on them.
were scored by the method of Shaw (26).

The cavities

The results were analyzed

statistically.
A second study using the artificial feeding technique was conducted
to determine the caries susceptibility produced by the addition of equal
percentages of lactose, fructose, dextro-maltose, and Karo to the
basal milk formula.

Due to the limited number of animals which could

be on experiment at one time, the study was rim four times in order to
have approximately 25 animals on each diet.

One hundred twelve ani

mals were divided into four groups at 14 days of age and placed on one
of the following diets.
Group 1 had 5. 35% lactose added to the basal diet.
5. 35% fructose added to the basal diet.

Group 2 had

Group 3 had 5. 35% dextro-

maltose added, and Group 4 had 5. 35% Karo added to the basal diet.
Since the basal diet contained 3% carbohydrate, each of the four groups
received a total of 8. 35% carbohydrate in its formula.

The groups

were raised on the above diet from 14 to 21 days, and then placed on
the cariogenic diet.

These groups were kept on the cariogenic diet

for 14 weeks, sacrificed, and their teeth scored as described above.
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RESULTS AND DISCUSSION
Using the artificial feeding technique both the amount of carbo
hydrate and the type of carbohydrate fed to the animals on experiment
were carefully controlled.

The animals' diets always included a fixed

percentage of carbohydrate as they were separated from their dams
and only the artificial formula was present for nourishment.

The only

difference in the treatment of all the groups on the experiment was the
amount and type of carbohydrate added to the basal artificial milk for
mula which was fed for the last third of the suckling period.
treatment and conditions were the same for all groups.

All other

Since all other

conditions were held constant the change in caries susceptibility in the
groups was a function of the carbohydrate.
The first study compared the caries resulting from the addition
of different amounts of lactose and sucrose to the basal artificial milk
formula.

Table IV shows the carbohydrate content of the formulas

fed to the 4 groups of rats raised during this experiment.

The total

amount of carbohydrate in feed to each group is determined by adding
the percentage of carbohydrate added to the 3% carbohydrate in the
basal diet.
TABLE IV
\

CARBOHYDRATE IN FORMULA GIVEN FROM
14-21

DAYS OF AGE TO DIFFERENT GROUPS IN
THE FIRST STUDY
Carbohydrate Added

Group
I

Lactose
1. 85%

IV

in formula
4.85%

1.85%

II
HI

Sucrose

Total Carbohydrate

5. 35%

4. 85%
8. 35%

5. 35%

8. 35%

N

\
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TABLE Y
INDIVIDUAL CARIES SCORES OF THE ANIMALS IN
THE DIFFERENT GROUPS IN THE FIRST STUDY
Caries Score
Animal
Number

Group
I

Group
H"

Group
III

Group
IV

1

0

0

5

8

2

1

5

14

19

3

1

1

21

20

4

10

10

10

4

5

5

14

1

36

6

5

3

4

44

7

22

14

49

42

8

0

27

16

31

9

0

0

9

42

10

3

0

3

13

11

11

7

42

50

12

2

2

9

17

13

0

18

1

26

14

2

6

0

0

15

4

21

33

34

16

17

28

21

20

17

-

3

Table VI presents the mean caries score for each group and the
t values between the different groups.

-14TABLE VI
MEAN CAJRIES SCORE OF THE FOUR GROUPS IN THE FIRST
STUDY TOGETHER WITH THE T VALUES BETWEEN
THE DIFFER ENT GR OUPS
Mean
caries
score

Group

Number
of
Animals

Carbohydrate
added to
basal diet

I

16

1. 85% lactose

5. 2

II

17

1. 85% sucrose

9. 6

III

16

5. 35% lactose

14. 8

IV

16

5. 35% sucrose

25. 4

-

Significance of:
Group I and II

t = 1. 57

Probably not sig.

Group III and IV

t = 2. 02

P < 0. 05

Group I and III

t = 2. 88

P > 0. 01

Group II and IV

t = 3. 58

P > 0. 001

Group I and IV

t - 4. 39

P > 0. 001

The difference in caries damage produced by varying the type
of carbohydrate added to the basal diet i s shown by comparing the
caries score of Group I with that of Group II and by comparing the
caries score of Group III with that of Group IV.
Group I, which had 1. 85% lactose added to the basal diet, had
an average caries score of 5. 2, while Group II with the same amount
of sucrose added had a caries score of 9. 6.

The caries score for

the sucrose group was 85% higher than the score of the lactose
group.

Group III, which had 5. 35% lactose added, had a caries score

of 14. 8, while Group IV which had an equal percentage of sucrose
added had a caries score of 25. 4.

Here the score of the sucrose

group was 71% higher than the score of the lactose group.

Although

-15the total amount of CHO in the diets was equal, yet the group of ani
mals given the lactose had a lower caries score than those given su
crose.

These findings are consistent with the previously mentioned

work of Steinman and Haley.
The effect of increasing the amount of the same carbohydrate in
the formula can be seen by comparing Group I with Group III and
Group II with Group IV.

Group I which had 1. 85% of lactose added

to the diet had a caries score of 5. 2 while Group III which had 5. 35%
of lactose added had a caries score of 14. 8.

By increasing the total

lactose content of the formula from 4. 85% to 8. 35% the caries score
was increased 285%.

Group II which had 1. 85% sucrose added to the

basal diet had a caries score of 9. 6 whereas Group IV which had
5. 35% sucrose added had a caries score of 25. 4.

By increasing the

total carbohydrate in the diet from 4. 85% to 8. 35% with sucrose, a
264% increase in caries resulted.
A significant difference in caries score is noted between Group
I and IV.

Group I had 1. 85% lactose added to its diet while Group

IV had 5. 35% sucrose added.

Also a significant difference in caries

score existed between Group II and Group IV which were fed a low
and a high level of sucrose respectively.
Table VII gives the average weaning weights of the animals in
the four different groups.

There was found no significant difference

between the weaning weights of the animals in the various groups.
The second study using the artificial feeding technique compared
the caries susceptibility produced by equal amounts of four different
CHO's added to the basal diet and fed to four groups of rats.
1 had 5. 35% lactose added to the basal formula.
fructose added to the basal diet.

Group

Group 2 had 5. 35%

Group 3 had 5. 35% dextro-maltose

added to the basal formula and Group 4 had 5. 35% Karo added to the
basal diet.

The carbohydrate in the basal formula given to each

group and the number of animals in each group is summarized in
Table VIII.
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TABLE VII
AVERAGE WEIGHTS OF THE ANIMALS ON THE FOUR
DIETS AT 21 DAYS OF AGE (WEANING WEIGHT)
Average

Group

weaning wt.
I

43 gms.

II

42 gms.

III

40 gms.

IV

42 gms.

TABLE Vin
CARBOHYDRATE IN FORMULAS GIVEN TO ANIMALS IN
THE SECOND STUDY
Group

Number
Animals

Carbohydrate
Added

Total
Carbohydrate

1

26

5. 35% lactose

8. 35%

2

28

5. 35% fructose

8. 35%

3

24

5. 35% dextromaltose

8. 35%

4

28

5. 35% Karo

8. 35%

It was decided to add 5. 35% carbohydrate to the formulas since
this amount was shown to markedly increase caries in the first study.
The caries scores of the 106 rats that comprised the four groups
in this study are shown in Table IX.
The mean caries scores for each of the four groups is shown in
Table X along with the significance and t values between the differ
ent groups.
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CARIES SCORES OF ANIMALS IN THE FOUR GROUPS
OF THE SECOND STUDY
Caries Score
Animal
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Group
I

Group
II

Group
in

Group
IV

34
14
4
4
0
8
0
19
10
12
17
55
10
0
12
18
0
0
0
0
0
0
11
5
11
6

9
29
0
33
10
20
8
0
44
31
13
35
18
26
5
5
0
0
0
9
0
0
25
0
37
18
17
22

39
32
21
27
19
8
10
38
75
73
47
32
42
0
0
0
13
0
16
42
30
37
0
34

21
27
26
12
46
63
22
32
46
75
57
25
46
34
41
5
4
34
43
10
46
38
23
56
15
33
29
37
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TABLE X
MEAN CARIES SCORES FOR EACH OF THE FOUR GROUPS
IN THE SECOND STUDY AND THE T VALUES BETWEEN
THE DIFFERENT GROUPS
Group

Mean
Caries Score

Added
Carbohydrate

Number
Animals

1

26

Lactose

9. 6

2

28

Fructose

14. 7

3

24

Dextro-maltose

26. 4

4

28

Karo

33. 2

Significance of:
Group 1 and 2

t = 1. 44

Probably not sig.

Group 1 and 3

t = 3.32

P > 0.001

Group 1 and 4

t = 5.7

P > 0. 001

Group 1, which had the lactose added to the basal diet, had the
lowest incidence of dental caries of any of the groups.

Group 2,

which had fructose added, had a somewhat higher caries score than
Group 1.

When the caries scores were treated on a statistical basis,

no significant difference was found between fructose and lactose.
Group 3, which had dextro-maltose added to the basal diet, had
a caries score of 26. 4 compared to a score of 9. 6 for Group 1. When
treated statistically this represents over a 99. 9% significant differ
ence between Groups 1 and 3.

Group 4 had a caries score of 33. 2

compared to a score of 9. 6 for Group 1.

This represents over a

99. 9% significant difference between Karo and lactose.
In a group run on the artificial feeding technique it was noted that
the caries experience was not uniform within each group.

Apparently

some animals were more affected than others by the same amount
and type of carbohydrate.

This might be due to a difference

-19in the metabolism of the animals or to individual variation in hormone
or negative feedback mechanism.
Table XI gives the average weaning weight of the animals in the
four groups.

As was found in the first study, there was no signifi

cant difference between the average weaning weight of the groups.

TABLE XI
AVERAGE WEANING WEIGHT OF ANIMALS
IN THE FOUR GROUPS
Group

Average
weaning wt.

1

28 gms.

2

31 gms.

3

29 gms.

4

29 gms.

Figures 1 and 2 give a graphic summation of the mean caries
scores of the different groups in the two artificial feeding studies
that were conducted.
Certain parallels or conclusions can be drawn in regard to hu
man caries experience in view of the results of this study.
bohydrate found in maternal milk is lactose.

The car

The above study shows

that of all carbohydrates tested lactose produces the lowest inci
dence of subsequent caries.
The infant formulas on the market today contain sugars other
than lactose as a source of carbohydrate.

Dextro-maltose and Karo

are two of the most popular sources of carbohydrates for infant for
mulas.

This study has shown that both dextro-maltose and Karo in

crease caries susceptibility when added to an artificial formula fed
to suckling rats.

These sugars produced from 2. 8 to 3. 4 times as

much caries damage as an equal amount of lactose added to the formula.
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Fig. 1. Mean caries score of the four groups in the first study.
Group I, basal diet plus 1. 85% lactose; Group G, basal diet plus
1. 85% sucrose; Group HI, basal diet plus 5. 35% lactose; Group IV,
basal diet plus 5. 35% sucrose.
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Fig. 2. Mean caries score of the four groups in the second
study. Group 1, basal diet plus 5. 35% lactose; Group 2, basal diet
plus 5. 35% fructose; Group 3, basal diet plus 5. 35% dextro-maltose;
Group 4, basal diet plus 5. 35% Karo.
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This study might suggest that in infant formulas lactose and fructose
would be the carbohydrates of choice because of the low caries sus
ceptibility and normal growth produced by these sugars.

SUMMARY
1.

An artificial feeding technique using simulated rat milk for

mulae was utilized in determining the caries susceptibility produced
in albino rats by several common carbohydrates.
2.

Different groups of animals were raised on a basal rat milk

formula containing different levels of various carbohydrates from 14
to 21 days of age.
3.

The different groups after being placed on a high sugar cario-

genic diet for 13 weeks were sacrificed and the caries damage deter
mined.
4.

Lactose in the basal simulated rat milk formula produced

the lowest susceptibility to dental caries.
5.

Sucrose added to the basal simulated rat milk formula pro

duced nearly twice as much caries damage as an equal amount of
lactose added to the formula.
6.

By increasing the total carbohydrate content of the formula

from 4. 85 per cent to 8. 35 per cent the caries score increased near
ly threefold.
7.

No significant difference was seen between the caries sus

ceptibility produced by the 5. 35 per cent lactose or 5. 35 per cent
fructose formula.
8.

The mean caries score for the groups which had dextro-

maltose or Karo, two carbohydrates commonly used in infant for
mulas, added to the basal milk formula was 2. 8 to 3. 4 times higher
respectively than the caries score of the group which had the same
amount of lactose added.
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9.

No significant differences were seen between the mean wean

ing weights of the different groups of animals raised on the simulated
rat milk formulae containing varying levels and kinds of carbohydrates

PAR T II
THE RELATIONSHIP BETWEEN THE SYSTEMIC EFFECT OF
DIETARY CARBOHYDRATES AND THE DEPOSITION OF
CARBOHYDRATES IN RAT TEETH

INTRODUCTION
As has been pointed out in Part I, investigators have shown that
diet is an important factor in determining dental caries susceptibility.
Sognnaes (10), Steinman and Haley (12, 13, 27) have reported that
refined carbohydrate, chiefly sucrose, in the diets during calcifica
tion of teeth of experimental animals is responsible for the high car
ies experience of these animals (in comparison to their littermates,
which were fed Purina stock ration during calcification of teeth).
Steinman and Haley indicated that the most decay could be demonstrated
if sucrose was administered during the suckling period.

These inves

tigations show an intrinsic predisposing effect of diet on the teeth.
Some recent histochemical and electron microscope studies have
revealed the presence of glycoprotein in the matrix of enamel (28-32).
Buxbaum et al. (33) attempted to correlate the relationships between
caries induced by dietary carbohydrate and the deposition of glycopro
tein in the teeth of Syrian hamsters.

Three successive generations

of Syrian hamsters were raised on sugar-rich, sugar-deficient and
control diets for 100 days and then sacrificed.

After being examined

for caries, the teeth were quantitatively analyzed for glycoprotein.
Results from the study showed that animals maintained on a low
carbohydrate diet exhibited less caries than the animals maintained
on the high carbohydrate diet, and, also showed a lower glycopro
tein content in the teeth.

Control animals also showed less caries

and less glycoprotein than the sugar-rich group, but had slightly
higher results in both factors when compared to the sugar-deficient
group.

This study indicated a positive relationship between the level

of glycoprotein in the teeth and the incidence of dental caries.
This report was instrumental in stimulating the present study of
the relationship between dietary carbohydrate and the deposition of
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-24o£ carbohydrate in the teeth of Albino rats.

An attempt was made to

apply the glycoprotein analysis, as outlined aboye, to rat teeth.
After numerous failures of reproducing the results obtained by
Buxbaum et al. , several steps of the technique were found to be de
fective.

The technique was therefore abandoned and a new procedure

developed for analyzing the total carbohydrate content of teeth.

This

new technique was used to compare the amount of carbohydrate in the
teeth of rats on a high-sugar cariogenic diet with that found in the
teeth of rats on stock Purina diet.

The experiment was carried out

on rats of different age levels in order to correlate the carbohydrate
deposition to incidence of dental caries.

EXPERIMENTAL
Since the first part of this study was to attempt to repeat Bux
baum^ glycoprotein analysis technique using Albino rats, the follow
ing is an outline of his procedure.
Three successive generations of Syrian hamsters were raised
on three diets differing in their sugar content.

One group was raised

through three successive generations on a sugar-high diet.

Another

three generations were raised on a sugar-deficient diet and a third
group was raised through three generations as a control group.
When each animal reached 100 days of age, it was sacrificed;
the mandible and maxillae were dissected out and preserved in 10 per
cent formalin for approximately two weeks.

At the end of this time,

they were removed from the formalin, washed in warm water, and
allowed to air dry for two weeks.

Following the caries count, all

available tooth structure from each animal was pulverized in a mor
tar and pestle and weighed on an analytical balance to the fourth deci
mal place.

Physiological saline was used to extract the glycoprotein

from the tooth powder.
24 hours for a

11

The mixture was left in a refrigerator for

gentle" extraction.

The material was then centrifuged

-25for 10 minutes at 3, 000 r. p. m. and the supernatant, containing the
glycoprotein, was saved.

The glycoprotein in solution was precipi

tated by the addition of absolute alcohol.

The precipitate was cen-

trifuged down and the supernatant poured off.

The glycoprotein was

washed once with absolute alcohol and centrifuged again.

The super

natant was poured off and physiological saline was added to dissolve
the precipitated glycoprotein.

The glycoprotein in solution was trans

ferred to Folin tubes and a quantitative anthrone test for carbohydrate
was run.

Into each tube 0. 5 cc. of a 1 per cent anthrone in ethyl

acetate was pipetted.

Then 5. 0 cc. pf 95 per cent sulfuric acid was

layered onto the mixture and mixed by gently swirling the tubes.
Color developed and increased in intensity for the first 15-20 min
utes.

The solution was transferred to colorimeter tubes and the

color readings taken on a Klett colorimeter.

This color was com

pared with a standard curve previously constructed which plotted
Klett readings against milligrams of an equimolar solution of galac
tose and mannose.

From this comparison it was able to ascertain

the amount pf glycoprotein in the sample.
The above technique was modified in an attempt to compare the
amount of glycoprotein in the teeth of rats on a high-sugar diet with
the amount found in the teeth of animals on stock Purina ration.

The

procedure as modified to be used with rats will be given below.
The teeth of the rats were extracted and dried in a vacuum dry
ing oven for 8 hours at 70° C.
ing in an agate mortar.

The teeth were pulverized after dry

The pulverized teeth were weighed on an

analytical balance to the fourth decimal place.
was then placed into 40 ml. centrifuge tubes.

The tooth material
One ml. of physiologi

cal saline (0. 85% NaCl) was added to the tubes for each 30 mg. of
tooth material.

The tubes were then placed in a test tube rack mounted

on a dental vibrator and placed in a refrigerator for 24 hours with the
vibrator on.

The vibrator kept the mixture in the tubes agitated.
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After the period of extraction the glycoprotein was isolated as in
Buxbaum's procedure.
A stock sugar solution was made up containing equimolar con
centrations of galactose and mannose which contained 0. 5 mg. of car
bohydrate per ml. of solution.

The anthrone reagent was prepared

by making a 1 per cent anthrone solution in reagent grade ethyl ace
tate.

The anthrone test for carbohydrate was reported by Dreywood

( 34) in 1946.
A Beckman model DU spectrophotometer was chosen to measure
the optical density of the anthrone-sugar tests because it is more
accurate than the Klett colorimeter.

Hence it was necessary to de

termine at what wavelength the optical density should be read.

This

was accomplished by running two absorption curves on two different
concentrations of carbohydrate solution and plotting optical density
against wave length.
made.

Two dilutions of the stock sugar solution were

One contained . 0625 mg. of sugar per ml. of solution and the

other had .0312 mg. of sugar per ml. of solution.

Three ml. of each

solution were placed in two separate 40 ml. test tubes and 3 ml. of
physiological saline was added to a third tube to act as a blank.
each tube was pipetted 0. 5 ml. of the anthrone reagent.

Into

Onto this

was layered 5. 0 ml. of clear sulfuric acid and the tubes were mixed
by swirling.
The blue-green color of the anthrone test developed almost im
mediately and was allowed to develop 50 minutes.

At the end of that

time the three solutions were transferred to Beckman spectrophoto
meter absorption cells.

Optical densities were then read every 10

mp, from 420 to 720 mp.

These readings were then plated against the

appropriate wave lengths as shown in Figure 3.
It was decided to read the anthrone-sugar test at 640 mp because
at this wave length the greatest change in optical density occurs with
a change in concentration.
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500
600
WAVE LENGTH

700

Fig. 3. The absorption curves of the anthrone method run on
two concentrations of dilute stock sugar solution. Concentration A
contained 0. 0312 mg. of carbohydrate per ml. of solution. Concen
tration B contained 0. 0625 mg. of carbohydrate per ml. of solution.
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Before any glycoprotein determinations were attempted a stand
ard curve was determined for the anthrone reaction with carbohydrate.
Appropriate stock sugar dilutions were made to achieve sugar solu
tions over a concentration range of 0. 125, 0. 0834, 0. 625, 0. 0417,
0. 0312, and 0. 021 mg. of carbohydrate per ml. of solution.

Three

ml. of each of the solutions were pipetted into 40 ml. test tubes and
3 ml. of physiological saline were added to another tube to serve as a
blank. The anthrone test was carried out on each tube as previously
outlined and the resulting optical densities were read on a Beckman
DU at 640 mp.

When optical densities were plotted against carbo

hydrate concentrations a straight line was obtained as shown in Fig
ure 4.
The straight line relationship between the optical density and the
sugar concentration indicates that the anthrone tests follow LambertBeer law in the range of sugar concentration checked.
It was of interest to compare the glycoprotein of rats on stock
Purina diet to that of rats on a high-sugar diet at different time in
tervals.
A large number of rat litters were divided when weaning age was
reached and litter mates were placed half on the stock diet and half on
the high-sugar diet.

Every week, starting at 21 days of age and run

ning until the rats were 42 days of age, equal numbers of-rats were
sacrificed and the glycoprotein analysis run on their teeth as pre
viously described.

It was hoped that this procedure would give the

difference in the level of glycoprotein in the two groups at 28, 35,
and 42 days of age.

After repeating the glycoprotein procedure sev

eral times it became apparent that the results were not consistent.
In the same run among the animals of the same group the optical den
sities of the resulting anthrone test would fluctuate from very low
values to very high values. (Test not reproducible due to extractions. )
Because of the variation in results the extraction procedure of the
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OPTICAL DENSITY
Fig. 4. Optical density as a function of carbohydrate con
centration showing the adherence of the anthrone method to the
Lambert-Beer law.

-30technique was questioned since if the glycoprotein was not equally ex
tracted from the teeth of each rat the results would be variable.
According to the technique the teeth are powdered in a mortar
and pestle which does not give a uniform particle size.
the extraction of glycoprotein the following test was run.
four rats were air dried for 14 days.

To check
Teeth from

The teeth were powdered by

the use of an S. S. White amalgamator No. 2.

The teeth were placed

in a stainless steel capsule which contained a stainless steel plunger.
The amalgamator was turned on for 3 one-minute intervals.

The

metal plunger vibrating back and forth effectively powdered the teeth.
All the powder passed through a 200-mesh sieve.

Three ml. of

physiological saline was added to three samples of 50, 75 and 100 mg.
of the powdered teeth.

The tubes were placed in a rack on top of a

dental vibrator which was placed in a refrigerator.

The vibrator was

turned on and was allowed to agitate the tooth powder-saline-mixture
for 12 hours.

At the end of this time the previously mentioned deter

minations for glycoprotein was carried out.
saved and washed with saline.

The tooth residue was

Saline was added to the tooth material

and again it was extracted in the manner above for another 12 hours.
A glycoprotein determination was made on the extract.

Upon finding

that glycoprotein was obtained in the second extraction, the tooth
residue was subjected to a third extraction of 48 hours.

At the end

of this time a glycoprotein test was run and again glycoprotein was
found.

The results of running the anthrone test on the extracted gly

coprotein are shown in Table XII.
It is evident from this experiment that incomplete extraction was
obtained by using the technique as previously outlined by Buxbaum.
Further tests on the extraction of glycoprotein also confirmed this.
Four samples of powdered teeth were extracted with saline for 24
hours and the glycoprotein isolated.

The tooth residue was then

gashed with saline and again the residue was extracted with saline
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OPTICAL, DENSITIES OF THE ANTHR ONE TEST
BUN ON THE GLYCOPROTEIN EXTRACTED
AT DIFFERENT TIME INTERYALS
Optical density at different time intervals
Tooth powder
Weight

0-12 hrs.

12-24 hrs.

24-72 hrs.

50 mg.

. 067

. 025

. 055

75 mg.

. 085

. 025

. 070

100 mg.

. 090

. 022

. 069

for 24 hours and the glycoprotein isolated.

This procedure was

carried out four times on these samples and at the end of the fourth
day glycoprotein was still being extracted from the tooth residue.
Two other parts of the procedure which were questionable were the
use of formalin as a preservative, and the failure to run a carbohy
drate standard along with each determination.

Because of the incon

sistent extraction of glycoprotein which would lead to inconsistencies
in results, the technique of glycoprotein determination was abandoned.
A procedure was worked out to analyze the total carbohydrate con
tent of rat teeth which was reproducible.
Attempts were first made to completely dissolve the tooth struc
ture and run an anthrone test for carbohydrate on the resulting solu
tion.

A variety of acids and alkalies and also a chealating agent were

employed in trying to get complete solution.

The acids used were:

phosphoric acid, nitric acid, trichloroacetic acid, sulfuric acid, and
hydrochloric acid.

All the acids were found to decalcify the tooth

material when they were £ur normal or slightly higher.

Although

they would decalcify the teeth there would always be left behind a
gelatinous pellet consisting of the organic matrix of the teeth.

This
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up with a stirring .rod, but it would not go into solution.

When nitric

acid was used to decalcify, the gelatinous pellet would turn a redbrown color due to the xanthoproteic reaction (35).

Trichloroacetic

acid was found to react with anthrone reagent to yield a blue color so
it could not be used.

Both 6N hydrochloric acid and UN phosphoric

acid brought about rapid decalcification with the resulting gelatinouslike organic matrix pellet.

With the addition of 6N sulfuric acid, the

teeth would decalcify with the formation of insoluble calcium sulfate
and the matrix pellet.
When whole teeth were heated in a 3N barium hydroxide, no solu
tion occurred.

Also when teeth were heated in 5N sodium hydroxide,

nothing apparently dissolved.
A chelating agent, versene (ethylene-diamine tetraacetic acid),
was reported by Nikiforuk and Sreebny (36) to decalcify teeth at a neu
tral pH.

A 0. 5 molar solution of the disodium salt of versene was

prepared by placing 18. 8 gm. of the salt into 100 ml. of water and
adjusting the pH to 7. 4.

This preparation was found to decalcify

teeth; but, as with the use of acids, a gelatinous pellet was obtained.
When the anthrone reaction was run on the versene solution by itself,
a light green color was obtained, thus discouraging its use.
Next an attempt was made to couple the decalcification of teeth
with hydrochloric acid and the anthrone reaction. Several tests
were run in which approximately 100 mg. of rat teeth were decal
cified in 1. 5 ml. of 4N hydrochloric acid at room temperature.

After

two hours the teeth were decalcified and only the pellet of organic
matrix remained undissolved.

The pellet was broken up with a stir

ring rod and 0. 25 ml. of anthrone reagent was added.

Two and a

half ml. of sulfuric acid were layered into the tube and the contents
of the tube were mixed.

A cloudy blue-green mixture was obtained.

Upon centrifuging, a clear green supernatant was obtained and a

-33white layer was found in the bottom of the tube.
probably calcium sulfate.

The white layer was

Some reddish-brown particles were found

floating in the clear supernatant.

These were probably humin formed

as a protein-carbphydrate decomposition product (37, -38).

After the

sulfuric acid was added to the mixture in the test tube, a marked evo
lution of gas bubbles took place and these bubbles continued to form
on the sides of the tube.

Any attempt to read the optical density of

the clear green supernatant was futile, for when the green superna
tant was transferred to Beckman absorption cells gas bubbles con
tinuously formed and clung to the sides of the tubes.
Next an attempt was made to run the anthrone test directly on
the powdered teeth.

The teeth were powdered by the use of a dental

amalgamator as previously described so that the powder would go
through a 200-mesh sieve.

By using the amalgamator a very fine

powder, less than 200 mesh, was always obtained.

In seven trials

3 ml. of saline were added to from 30-100 mg, of powdered teeth in
40 ml. centrifuge tubes.

Three ml. of saline were added to an empty

tube to serve as a blank.

Into each tube was pipetted 0. 5 ml. of an

throne reagent.

Then 5. 0 ml. of concentrated sulfuric acid was lay

ered into each tube and the contents were mixed.

Almost immediately

a blue-green cloudy white mixture was obtained.

This was allowed to

stand for 30 minutes and then the tubes were centrifuged for 5 minutes
at 2,000 r. p. m.

After centrifuging, a clear blue-green solution was

obtained above a packed white mass.
The colored supernatants were transferred to Beckman absorp
tion cells and the optical densities were checked.
optical densities ranged from 0. 188 to 0. 990.
countered in reading the color.

In the trials the

No difficulty was en

The white mass obtained in the bot

tom of the tubes upon centrifuging was mainly calcium sulfate formed
by the action of the sulfuric acid on the calcium salts of the teeth.

-34In order to see if this technique was reproducible, the following
test was conducted.
extracted.

Fifteen rats were sacrificed and their teeth were

The teeth were cleaned of all tissue and food debris.

The

teeth were then powdered with a dental amalgamator and the powder
was thoroughly mixed.

After re-drying the powder, six samples of

100 mg. each were placed in six 40 ml. centrifuge tubes.

To each

tube was added 3 ml. of saline and 0. 5 ml. of anthrone reagent.
blank was run which only contained 3 ml. of saline.

A

Onto this were

layered 5. 0 ml. of concentrated sulfuric acid and the contents of the
tubes were mixed.

The color was allowed to develop for 40 minutes.

At the end of that time the tubes were centrifuged at 2, 500 r. p. m.
for 10 minutes.

The clear supernatant was transferred to Beckman

absorption cells and the optical densities were determined.

The mean

optical density ± the standard error of the mean were found to be
0. 947 ± 0. 012 respectively.

From this data it was felt that this tech

nique was sufficiently reproducible.
In all the techniques so far mentioned the heat resulting from
the mixing of the concentrated sulfuric acid with water caused the
color reaction to take place.

The anthrone reagent reported by Drey-

wood (34) had been applied to the determination of blood glucose by
Durham, Bloom, Lewis, and Mandel (39), Fetz and Petrie (40), and
Zipf and Waldo (41).

Scott and Melvin (42) reported that the "heat

of mixing" procedure used by these authors was satisfactory if
accuracy no better than ± 5 per cent were required.

Greater preci

sion was obtained by heating the mixture of anthrone, sulfuric acid,
and carbohydrate for a definite time in a constant temperature bath.
Scott and Melvin (42) used a method in which the anthrone, sul
furic acid, and carbohydrate were heated in an ethylene glycol bath
for 16 minutes.

Roe (43) in his determination of dextran in blood

and urine used the heating technique in which a mixture of anthrone

-35reagent and dextran solution was heated for a definite period in a
boiling water bath,

Roe reported a coefficient of variation of ± 0, 36

per cent in 12 determinations by using this method.
Later, Roe, in determining blood sugar used a heating time of
15 minutes in a boiling water bath.

A mixture of unknown and the

anthrone reagent in a colorimeter tube were heated in a boiling water
bath for 15 minutes, cooled, and compared colorimetrically with a
glucose standard solution similarly treated.

The anthrone reagent

consisted of 0. 05 per cent anthrone, 1. 0 per cent thiourea, and 66
per cent by volume sulfuric acid.
per cent solution of glucose.

The standard solution was a 10 mg.

In order to run a glucose determina

tion 1 ml. of each unknown sample was pipetted into separate colorim
eter tubes.

One ml. of standard glucose solution, containing 0. 1 mg.

of glucose, was pipetted into a separate tube and also 1 ml. of dis
tilled water was added to another tube as a blank.

Into each tube was

pipetted 5. 0 ml. of anthrone reagent and mixed thoroughly.

The

tubes were placed in a suitable rack and were set in a tap water bath
for 3-5 minutes to bring the contents of each tube to the same temper
ature.

All tubes were then placed in a boiling water bath for 15 min

utes and then placed in a tap water bath to cool.

When the tubes be

came approximately room temperature they were removed from the
bath and wiped dry.

From 20-30 minutes after their removal from

the water bath, the optical densities were checked in a photoelectric
colorimeter using a 620 mp. filter.

After the development of color,

the tubes should be protected from bright illumination.
Because of the simplicity and increased accuracy of Roe's meth
od, it was adopted to develop the color of the anthrone reaction in
place of the "heat of mixture" technique previously reported in the
determination of the total carbohydrate content of rat teeth.
The technique finally adopted to determine the amount of carbo
hydrate later reported in this paper is as follows: The anthrone
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thiourea and 68. 6 per cent sulfuric acid by volume.

When 10 ml. of

this reagent were mixed with 2 ml. of distilled water containing the
tooth powder, a final sulfuric acid concentration of 60 per cent was
obtained which was reported to be optimum by Eoe.

A number of

liters of stock 68. 6 per cent by volume sulfuric acid were prepared.
For each liter of acid solution prepared, 324 ml. of distilled water
were placed in a suitable Florence flask in a cold water bath and 686
ml. of concentrated sulfuric acid, specific gravity 1. 84, were cau
tiously added.
To prepare the anthrone reagent, 500 mg. of anthrone and 10 gm.
of highest purity thiourea, and 1 liter of the 68. 6 per cent sulfuric
acid were placed in a flask.

The mixture was then warmed in a hot

water bath to 80° C. with occasional shaking to mix the contents.
After solution was complete, the reagent was cooled and stored in a
refrigerator.

This reagent was freshly prepared every two weeks.

The thiourea was added to the reagent to keep the anthrone from oxi
dizing and turning brownish.
To prepare the standard glucose solution, the highfest quality of
glucose available was dried in a vacuum drying oven at 70° C. ; 200
mg. of this glucose were dissolved in 100 ml. of distilled water.

Ten

ml. of this solution were pipetted into a 100 ml. volumetric flask and
were diluted to the mark with distilled water and mixed.
ing standard contained 0. 2 mg. of glucose per ml.

This work

All later carbo

hydrate determinations on teeth were compared to this standard.
The procedure used to determine the carbohydrate in rat teeth
was as follows.

The rat teeth thoroughly cleaned of all tissue debris

and food residue were dried in a vacuum drying oven for 12 hours at
70° C.

The teeth from each rat were powdered by the use of a dental

amalgamator as previously reported.

The teeth powder from each

rat was placed in a 10 x 75 mm. test tube.

After all the teeth were

-37 powdered the tooth material was re-dried in the vacuum oven for
another 12-hour period.

The powdered teeth material from each

rat was weighed to the third decimal place on a chainomatic balance
and placed in 20 x 145 mm. test tubes.

Two ml. of distilled water

were pipetted into each tube and also into an empty tube which would
serve as a blank.

Two ml. of the glucose standard solution, contain

ing 0. 2 mg. of glucose per ml. were pipetted into another tube for a
standard determination.
acid anthrone reagent.

Then to each tube were added 10 ml. of the
The contents of each tube were mixed with

individual glass stirring rods.

All tubes were put in a rack and placed

in a tap water bath for 10 minutes to bring the contents of all tubes to
the same temperature.
Then all tubes were transferred to a boiling water bath for 15
minutes to develop the color.

At the end of the 15 minutes all the

tubes were transferred to a tap water bath for 15 minutes to bring
them to room temperature.

Next the tubes were removed from the

bath and centrifuged at 2, 500 r. p. m. for 10 minutes to throw down
the calcium sulfate.

After centrifuging the clear supernatant was

decanted into Beckman absorption cells and its optical density checked
at 640 mp against the blank.
In order to see if any extraneous color was obtained from the
action of the acid and thiourea on the teeth material the above test
was carried out except that no anthrone was added to the reagent.
Upon developing, a slight reddish-colored solution was obtained.
This solution had the same color as the solution obtained when the
above test was run on Hammersten quality casein.

No humin forma

tion occurred when using the acid anthrone reagent and a fixed period
of heating in a boiling water bath.
The color similarity of the two solutions would probably indi
cate that the reddish color of the tooth determination was caused by
some amino acid or amino acids in the structure of the teeth.

To
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see if this were the case, the above test was run on the following
amino acids: E-arginine, DE-aspartic acid, L-cysteine, proline,
histidine, tyrosine and tryptophan.

Of the group tested only trypto

phan yielded the reddish-colored solution.

Therefore the absorption

spectra of the red-colored solution resulting from the test on trypto
phan was run in order to determine if the color would interfere with
the green color produced when carbohydrate was determined.

Also

absorption spectra of the test run on powdered tooth material and
glucose solution were plotted so comparisons could be made.

The

anthrone determination was carried out on 100 mg, of tooth material,
0.4 mg. of glucose, and 10 mg. of tryptophan.

Figure 5 shows the

three absorption curves obtained.
From the figure it is evident that the reddish solution's peak of
absorption is around 530 mji.

Note that a hump occurs in the absorp

tion spectra of the tooth material at this wave length probably corre
sponding to the absorption of tryptophan. At 640 m|ji the absorbance
by tryptophan is negligible, hence it is safe to assume that vh en read
ings were taken at that wave length they represented the absorbance
by carbohydrate.
Twenty-seven litters of Albino rats, containing a total of 223
animals, were raised. All dams were fed Purina laboratory ration.
When each litter reached 21 days of age it was divided into two
groups.

One group was placed on stock Purina ration and the other

group was placed on high-sugar caries producing diet.

The compo

sition of the diet has been previously reported in Part I.
At seven-day intervals, beginning at 28 days of age, litter mates
on the two diets were sacrificed and the total carbohydrate of their
teeth was determined.

Each animal was sacrificed by decapitation.

The mandible was severed from the head and the greater amount of
food debris was cleaned from the teeth with a small circular dental
brush.

The jaw sections were then placed in a 100 ml. beaker half
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Fig. 5. A comparison of the absorption spectra of the colored
complexes resulting from the anthrone determination on: A, tooth
material; B, glucose; and C, tryptophan.

-40full of water in a refrigerator for 12 hours.

This soaking treatment

is necessary since rat teeth have transverse grooves into which food
can pack (45).

The first molar has 3 grooves, the second molar has

2 grooves and the third molar has 1 groove.

The period of soaking

in the refrigerator dissolved sugar debris from the tooth crevices
and loosened any other debris present.
again cleaned.

After soaking, the teeth were

A fine dental wire broach was used to pick out any

remaining debris in the grooves.

The broach was run along the bot

tom of each groove to make certain that there were no food particles
in them.

A thorough cleaning of all teeth used for the carbohydrate

determination was imperative to assure results that would reflect
only the carbohydrate content of the teeth themselves and not that of
food debris.

By means of a sharpened dental explorer the upper and

lower first and second molars of each animal were extracted and
placed in individual 10 x 75 mm. test tubes.

Since this work was to

be correlated with rat dental caries the third molars were not
included in the determinations since they do not decay at the same
rate as the first two molars.

The incisors also were not included

since they are a continuously growing structure which are caries
free.

After extraction the teeth were dried in a vacuum drying oven

at 70° C. for 12 hours and the carbohydrate determined as previously
reported.
The carbohydrate content of the teeth of 90 rats was checked at
28 days of age.

Forty-six of these animals had been on the high-

sugar diet for a period of one week since weaning and 44 of these ani
mals had been on stock Purina ration for one week.

The carbohy

drate content of the teeth of 25 animals was determined at 35 days
of age.

Twelve of the animals had been on the high-sugar diet since

weaning and 13 animals on the stock Purina ration since weaning.
At 42 days of age the carbohydrate determination was run on 28 rats.
Fourteen of the animals had been on the stock ration since weaning

-41and 14 on the high-sugar diet since weaning.

The carbohydrate deter

mination was run on 20 animals at 49 days of age.

Ten were on the

sugar diet and ten were on the Purina ration since weaning.

No ani

mals older than 49 days of age were run since no difference between
the carbohydrate content of the teeth of the animals in the two groups
was noted after 28 days of age.

.

RESULTS AND DISCUSSION

The values obtained for the total carbohydrate content of the teeth
of each rat were expressed in pg. per 100 mg. of dry powdered tooth
structure.

In every run the color produced by the teeth was compared

with the color produced by a standard sugar solution containing a known
amount of glucose.

Thus the comparisons are based on glucose.

After the absorbancies of the carbohydrate determination on teeth
were obtained, they were expressed as absorbancy per 100 mg. of
tooth material using Beer's law.
The conversion formula was:
absorbancy / 100 mg.
100 mg.

OD^
~ mg. S

,
,
o n mg.
absorbancy
// i100

s

OD s

O D £s x 1 0 0 m g°_.
mg. S

= absorbancy of sample

mg. S = mg. of sample tooth material
After expressing the absorbancy in terms of 100 mg. of teeth
material, the amount of carbohydrate represented by this value was
calculated from the absorbancy of the standard glucose solution.
This gave the amount of carbohydrate in terms of 100 mg. of teeth
material for each animal.
of glucose.

The standard solutions contained 400 jig.

The formula used to convert the absorbancy of 100 mg.

of teeth material to |j.g. of carbohydrate was:

-42fig. CHO / 100 mg. teeth =: ODt x jig. of CHO
in standard
OD t = absorbancy of 100 mg. teeth material
OD s = absorbancy of standard solution
Since the carbohydrate values obtained from each rat were simi
larly expressed comparisons could be readily made between the dif
ferent groups on the sugar and Purina diets at the same age level.
As is evident from the above, the carbohydrate content of the rat
teeth was compared on the basis of glucose.
The mean carbohydrate values expressed in pg. per 100 mg. of
tooth structure for each group of rats on the two different diets at
the four age levels is presented in Table XIII.

Also presented in the

table is the statistical data obtained from the analysis of the carbo
hydrate values.
Since the rats were started on the sugar and Purina diets at 21
days of age, it was decided to make the first carbohydrate determina
tion on the teeth 7 days later at 28 days of age and at weekly intervals
up to 49 days of age.

At 28 days of age the mean carbohydrate value

for the group on the sugar diet was 274 jig. of carbohydrate per 100
mg. of tooth structure.

The mean carbohydrate value for the Purina

group was 325 fig. of carbohydrate per 100 mg. of tooth structure.
This difference of 51 jig. of carbohydrate per 100 mg. of tooth struc
ture was statistically significant and represented 18. 5 per cent more
carbohydrate in the teeth of the group on Purina over the group on
sugar.

In the study at 35 days of age, the sugar group had a mean

value of 263 jig. of carbohydrate and the Purina group had 255 jig. of
carbohydrate per 100 mg. of tooth material. There was no significant
difference between the teeth carbohydrate levels of the two groups.
The sugar group in the study at 42 days of age had a mean carbohy
drate value of 258 jig. while the Purina group had a mean of 256 jig.
of carbohydrate per 100 mg. of tooth material.

Again there was no
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significant differenence between the amount of carbohydrate in the
teeth of the sugar and Purina groups.

In the study at 49 days of age,

the sugar group had a mean value of 285 jxg. of carbohydrate whereas
the Purina group had 287 fig. of carbohydrate per 100 mg. of tooth
material. As in the studies at 35 and 42 days of age, there was no
significant difference between the amount of carbohydrate in the teeth
of the rats on the sugar and Purina diets.
Only the 28-day-old groups showed a significant difference
between the carbohydrate content of the teeth of the animals on the
sugar and the Purina diets.

Why this age level shows a significantly

greater amount of carbohydrate in the teeth of rats on the stock Purina
diet in comparison with the teeth of rats on the sugar diet is not appar
ent as yet.
It is not possible to make comparisons of the amount of carbo
hydrate in the teeth of rats of different age levels since these animals
were not littermates^

Because of the variables involved in animal

work of this nature, comparisons can only be made with littermates
to get valid data.
SUMMAR Y
1. An attempt was made to analyze the glycoprotein content of
rats 1 teeth by modifying a reported technique used with hamster teeth.
This technique was abandoned because of its lack of reproducibility.
2.

A technique was worked out to analyze the total carbohydrate

content of rats' teeth that was reproducible.

This technique was

dependent upon the absorbancy of the colored solution produced when
carbohydrate was heated with anthrone reagent in a boiling water
bath for a definite period of time.
3.

The carbohydrate content of teeth of rat littermates raised

on sugar and Purina diets was compared at 21, 28, 35, 42, aixl 49
days of age.

-454.

The teeth of the 28-day-old Purina group had a significantly

greater carbohydrate content (18 per cent greater) than the teeth of
the 28-day-old sugar group.
5.

There was no significant difference between the carbohydrate

content of the sugar and Purina groups at the 35, 42, and 49 day
levels.

PART in
INTRAPERITONEAL INJECTIONS OF CARBOHYDRATES WITH
THE ADDITION OF VITAMINS C AND B. TO SUCKLING RATS
D
AND THEIR RELATIONSHIP TO CARIES INCIDENCE

INTRODUCTION

Previous work (27) has shown that when a carbohydrate is given
to caries-susceptible rats during the suckling period in addition to the
mother's milk, a subsequent increase in caries occurs.

The dosage

given in these studies was 1 mg. of carbohydrate per gram of body
weight three times a day.

Since the molars do not erupt into the

mouth until the end of the suckling period (23) the increase in caries
must have been due to a systemic rather than to a local effect.

Of the

various carbohydrates administered, the greatest increase in caries
was produced by the administration of sucrose.

This increase in

caries occurred if the sucrose was administered for one-third of the
suckling period (12).
McClure (46-48) has presented evidence of a cariogenic role of
heat-processed skim milk powder in the diets of white rats, these
diets being deficient in lysine.

A dietary supplement of L-lysine was

found to result in a reduction in caries (49, 50).

In a later work McClure

(51) investigated lysine's mode of action in inhibiting dental caries in an
attempt to determine whether lysine acted within the oral cavity or had
a systemic effect which in turn would influence susceptibility to dental
caries.

The administration of L-lysine in food, water and by intubation,

to rats receiving a highly cariogenic lysine-deficient diet containing
autoclaved skim milk powder, significantly inhibited rat dental caries.
McClure found the significant caries-inhibitory effect of intubated
lysine to be of special interest.

He states, "It would seem that a

systemic association could be the determining factor in this cariostatic
action of lysine, in contrast to a direct effect of the lysine localized
within the oral cavity. " The result suggests a systemic involvement

-46-

-47and gains support in the fact that injection of lysine resulted in less
than 1 rag, per cent of lysine in rat saliva.
It is now recognized that adequate amounts of several vitamins,
principally A, D, and C, are necessary for the normal development
and maintenance of bones and teeth.
The effect of vitamin A deficiency on the formative tissue of the
incisors of the white rat was described by Wolbach and Howe (52, 53)
and later by Schour, Hoffman and Smith (54).

The primary effect of

vitamin A deficiency was a failure of the odontogenic epithelium
(dentine-forming cells) to undergo normal auto-differentiation par
ticularly on the lingual surface , causing the dentin to be thin and
atypical.

Changes in the ameloblasts were also observed, followed

by atrophy of the remainder of the enamel forming organ.

No evi

dence except one case described by Boyle (55) has been found in the
literature to show a relationship between vitamin A deficiency and
dental caries in man.
Edward Mellanby (56) observed that rickets in the dog was a
nutritional disease associated with a deficiency of a fat-soluble con
stituent, now known as vitamin D.

He noted that this vitamin had a

specific controlling effect over the development of bone.

May

Mellanby (57) described the profound effect of diet upon the female
dog during pregnancy and lactation.

When the diet was deficient in

vitamin D the deciduous teeth of the puppies had defects in structure
and they erupted late.

Mellanby (58) reported the extensiveness of

the damage to enamel and dentin formed during rickets.

The studies

of Mellanby and others indicated clearly the necessity for adequate
vitamin D to produce the normal development of the hard dental
structure.

-48Experiments reported by Mellanby and co-workers (59-61) indi
cated that the addition of vitamin D to basal diets re suited.in a lower
incidence of dental caries.
In the majority of the experiments which followed Mellanby r s
work (62, 63), the data obtained indicated that there was a definite
decrease in dental caries and the spread of old carious lesions when
an adequate supplement of vitamin D was given.

Vitamin D is known

to be important for the metabolism of calcium and phosphate (64).
The disease scurvy, which is caused by a lack of vitamin C, was
reported by Dalldorf (65) to produce lesions in the human mouth.

The

changes in the gums in severe deficiency are accompanied by a rare
faction of the alveolar bone resulting in a loosening of the teeth and
frequently the loss of one or more.
Howe (66) did not observe dental caries in guinea pigs which were
fed diets containing large amounts of sugar and starches for periods
up to one year.

However, when young guinea pigs were given a scor

butic diet composed of skim milk and rolled oats, decay appeared in
the molars and incisors.

Hanke (67), through critical dental examina

tion surveys in relationship to dietary deficiencies, came to the con
clusion that a deficiency of vitamin C was associated intimately vith
the development of gingival irritation and dental caries and that vita
min D deficiency might be partially responsible.

Hanke (68) reported

a striking reduction in dental caries susceptibility in a large group of
orphanage children by the use of citrus juice supplementation.

Vita

min C is necessary in the diet in order to have normal formation of
collagen, and glycoprotein ground substance (69).
The effect of vitamin B complex deficiencies in animal experi
mentation has shown that deficiencies of folic acid and nicotinic acid
lead to disturbances in the normal maintenance of the supporting

-49-*
structures of the teeth (70, 71).

The relationship of the deficiency to

dental caries susceptibility was not investigated.

Several clinical

studies have been reported in which the relationship between B-vitamin
deficiencies and dental caries was studied, but the results were not
conclusive and more study was recommended along this line (72).
Vitamin

(pyridoxine) is the precursor of pyridoxal phosphate

which is one of the most versatile co-enzymes known (73).

Pyridoxine

is first oxidized to the aldehyde and then phosphorylated to form
pyridoxal phosphate (74).

In mammalian tissue pyridoxal phosphate

acts as a coenzyme in transamination and decarboxylation (75).

Other

reactions involving pyridoxal phosphate coenzyme include racemization of amino acids, the dehydration of hydroxy amino acids, and the
desulfhydration of the sulfur containing amino acids (76).

Pyridoxal

phosphate is thus closely tied up with the metabolism of amino acids
and protein and probably could be a contributing factor to the normal
development of the protein structure of teeth.
Steinman and Haley (13) have shown that when a 20 per cent
glucose-fructose solution was injected into rats during the suckling
period in a dosage of 1 mg. of carbohydrate per gram of body weight
a marked increase in caries resulted.
The present study was conducted to see if the addition of vitamins
C or B^ to the preweanling injections of carbohydrate would have an
inhibitory effect on the caries incidence in rats.

V E R N I E R R A D C L I F F E MEMORIAL LIBRARY
COLLEGE OF MEDICAL EVANGELISTS
LOMA LINDA, CALIFORNIA

-50EXPERIMENTAL
A 20 per cent sugar solution was prepared containing equal parts
by weight of glucose and fructose.

The 20 per cent sugar solution,

supplemented with vitamin C, was made by adding 200 mg. of vitamin
C to 100 ml. of the stock 20 per cent sugar solution.

This supple

mented solution contained 2 mg. of vitamin C per ml. of injection
solution.

The vitamin B^ supplemented solution was prepared simi

larly by adding 200 mg. of B^ to 100 ml. of the stock sugar solution.
Again, the vitamin concentration was 2 mg. per ml. of solution.

The

stock sugar solutions and the vitamin supplemented solution were
refrigerated during the experiment to prevent decomposition and mold
formation.
Five litters of Albino rats were divided into three groups at 3
days of age.
its group.

A different toe was clipped on each animal to identify

During the course of injection, all animals nursed their

mothers ad libitum through the twenty—first day, when they were
weaned.
The first group containing 17 animals received injections of the
20 per cent stock sugar solution 3 times a day from the third day
through the twenty-first day of age.

The dosage given was 0. 05 ml.

injection per 10 grams of body weight, which corresponded to 1
mg. of carbohydrate per gram of body weight.

The second group of

15 animals received 3 injections per day of the vitamin C supple
mented sugar solution from the third to the twenty-first day of age.
Their injection dosage was also 0. 05 ml. of solution per 10 grams
of body weight, but they received 0. 1 mg. of vitamin C per 10 grams
of body weight in addition to the 1 mg. of carbohydrate per gram of
body weight.
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The third group consisting of 15 animals received 3 injections
per day of the vitamin

supplemented sugar solution from the third

to the twenty-first day of age.

As with the first two groups, their

injected dosage was 0. 05 ml. of solution per 10 grams of body weight,
but they received 0. 1 mg. of vitamin B^ per 10 grams of body weight
in addition to the 1 mg. carbohydrate per gram of body weight.
All animals were weaned at 21 days of age and placed on the highsugar cariogenic diet outlined in Part I of this paper.

After 13 weeks,

all animals were sacrificed and their molars examined for caries.
The lesions were scored by the method of Shaw (26) previously out
lined in Part I.

-52RESULTS AND DISCUSSION
The results of the study are summarized in Table XIV.

TABLE XIV
THE EFFECT ON DENTAL CARIES OF GLUCOSEFRUCTOSE WITH ADDED VITAMINS C AND B,
No. of
Animals

Group

Solution Injected

Cariesfree
Animals

Mean
Caries
Score

Signif
icance

17

1

20% glucose-fructose

1

16. 9

15

2

20% glucose-fructose
plus Vitamin C

5

8. 0

P < 0. 05

15

3

20% glucose-fructose
plus Vitamin B^

5

6. 5

P < 0. 02

The group which was injected with the 20 per cent stock carbohydrate
solution had a mean caries score of 16. 9 and their value was used to
compare the scores of the vitamin supplemented groups.
highest caries score of the three groups.

This was the

Group 2, which received a

supplement of vitamin C along with the sugar injections, had a mean
caries score of 8. 0, which was less than half of the caries score of
Group 1, which was given only sugar injections.

A mean caries score

of 6. 5 resulted for Group 3, which had a supplement of B, added to its
sugar injection.

As with Group 2, the caries score of Group 3 was

less than half that of group 1.
Group 1, which received only sugar injections, had 111 per cent
more caries damage than Group 2, which had a small amount of vita
min C added to its sugar injections.

Group 1 had 160 per cent more

caries damage than Group 3, which received a small amount of vitamin
B^ along with its sugar injections.

-53The above results show that the addition of vitamin C of B, to the
6
sugar injections decreased the susceptibility to caries when compari
son was made with littermates who received only sugar injections#
Figure 6 gives a graphic representation of the mean caries scores of
the three groups on experiment#
Both vitamin C and

are normally found in rat milk along with

3 per cent carbohydrate (22).

Rinehardt and Greenburg have shown

that a B^ deficiency in the Rhesus monkey is related to an increase in
dental caries (77).

Vitamin C has been shown to be necessary during

the calcification of the teeth (52).
The reduction in dental caries in those animals receiving the
vitamin C and B^ in addition to the 20 per cent glucose-fructose
solution might indicate that the administration of carbohydrate alone
was creating a nutritional imbalance between the total carbohydrate
intake and the vitamins and minerals obtained from the dam's milk.
If the carbohydrate injected into the suckling animals furnished
as much as 3 per cent, this would represent a 100 per cent increase
of carbohydrate in the diet#

Even if the increase were not that high,

perhaps there is enough of a dilution factor of the dam's milk to
create a nutritional imbalance which shows up in the latter caries
experience of the animals.
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the following injections: Group 1, 20% carbohydrate only; Group 2,
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-55SUMMABY
The injection of 0. 05 ml. of a 20 per cent glucose-fructose
solution per 10 grams of body weight during the suckling period
produced a mean caries score of 16. 9.
2.

When the 20 per cent glucose-fructose injections were sup

plemented with vitamin C, a mean caries score of 8. 0 resulted,
which showed a decrease in caries susceptibility.
3.

When the 20 per cent glucose-fructose injections were supple

mented with vitamin B^, a mean caries score of 6. 5 resulted, which
showed a significant decrease in caries susceptibility.
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Previous work with rats, hamsters and monkeys has shown a
direct relatiohship between refined diets high in carbohydrates and
caries susceptibility.

Adequate amounts of vitamins and minerals

have been shown to be necessary for proper tooth development and
resistance to decay.

The glycoprotein content of hamster teeth

raised on a non-cariogenic Purina ration was reported to be lower
than the amount found in the teeth of animals raised on a high sugar
cariogenic diet.
In order to determine the caries susceptibility produced in
Albino rats by different common carbohydrates, an artificial feeding
technique was utilized in which the amount and type of carbohydrate
could be varied.

The rats were obtained from the Naval Dental

Research Institute, Bethesda, Maryland.
A basal simulated rat milk diet was prepared which contained
3 per cent lactose.

Different groups of rats were raised from 14 to

21 days of age on this basal diet to which different amounts and types
of carbohydrates were added.

All groups were then placed on a high

sugar cariogenic diet for 13 weeks and the molars were scored for
caries damage.

When 1. 85 per cent lactose was added to the basal

milk formula, a mean caries score of 5. 2 resulted, while the same
percentage of added sucrose resulted in a score of 9. 6.

By increas

ing the amount of either lactose or sucrose in the formula to

8, 35

per cent, the mean caries score increased nearly threefold.

The

mean caries score for the groups which had 5, 35 per cent dextromaltose or Karo added to the basal milk formula was 2. 8 to 3. 4
times higher, respectively, than the groups which received the same
amount of lactose.
A reproducible technique was developed utilizing the anthrone
reaction to determine quantitatively the amount of carbohydrate in
the teeth of Albino rats.

The technique was used to compare the total

amount of carbohydrate in the teeth of rats on a high sugar cariogenic
••
n

diet with the amount in the teeth of animals on stock Purina ration.
The anthrone reagent, which contained 0. 05 per cent anthrone in 68
per cent sulfuric acid, reacted with the carbohydrate in the tooth
material to form a colored complex when heated for 15 minutes in
a boiling water bath.

The absorbancy of the colored complex deter

mined the amount of carbohydrate when compared with a glucose
standard.

The carbohydrate content of the teeth of rat littermates

raised on sugar and Purina diets was compared at 28, 35, 42, and
49 days of age.

The teeth of the 28-day-old rats on Purina ration

had a significantly greater carbohydrate content (18 per cent greater)
than the teeth of the rats on the sugar ration.

No significant differ

ence appeared between the carbohydrate content in the teeth of the
rats on sugar and Purina rations in the 35, 42 and 49 day studies.
Injection of littermates with 0. 05 ml. of a 20 per cent glucosefructose solution per 10 grams of body weight during the suckling
period produced a mean caries score of 16. 9.

Littermates receiving

20 per cent glucose-fructose injections which were supplemented
with 2 mg. of vitamin C per ml. of solution had a mean caries score
of 8. 0, which showed a decrease in caries susceptibility.

When the

20 per cent glucose-fructose injections were supplemented wi th 2 mg.
of vitamin

per ml. of solution, a mean caries score of 6. 5

resulted, which showed a significant decrease in caries suscepti
bility (P > 99.9).

